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1. � � �

SSE =
njX
i=1

kX
j=1

(Xij �Xj)
2

=
n1X
i=1

(Xi1 �X1)
2 +

n2X
i=1

(Xi2 �X2)
2 +

n3X
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(Xi3 �X3)
2

= (n1 � 1)s2
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2 + (n3 � 1)s2
3

MSE =
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n� k
=
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1 + (n2 � 1)s2

2 + (n3 � 1)s2
3
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2. � � � Case � �  ! SSB =
kX

j=1

nj(Xj�X)2 = n1(X1�X)2+

n2(X2 � X)2 " # � $ Case % n1; n2& X1; X2 ' X ( )
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B
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4. (1) [ $ \ ] Q S % ^ _ ` G a b T c �
(2) [ $ ^ _ % Q R S ` ) d �
(3) e f g ^ _ % g h i O j k l G m E �

5. n I o % MSE / � I o % MSE 5  I � F > p q r  +
s # t u H0& " � 7 8 v 4 G I o w x y z { � | } ~
� � � � v �

6. (a) G � � n � � � B C � � � � $ ^ _ � ` S ) * �  �
� � � � = / �

(b) � E % g $ � � � � % � � � � G 1 � �=m � � � �
� � � 3 6 m h ( � � � ` S � ) � � � � * � D E %
O �   ¡ G (1 � �)�

7. F�(1; df) = t2�=2(df)

8. I MSB B " SSB ¢ # f " £ 3 �  � SSB =
kX

j=1

nj
�
xj

�X
�2� ¤ ^ _ � ` S N ¥ ¦ ) * �  ' x ) § ¨ � � ©  

3 ª « © % > ¬ Q 5  I �  D MSB P B �2 % ® ¯ r
° > �

9. I ± ² 1 ³ ´ µ ¶ l · � % ¸ ¹  K 7 8 P º » ¼ A I o
½ B I o % ¸ ¹  � � ¾ ¿ t u k ? ] À 9 : % Á Â �

Ã Ä Å Æ Ç �

1. (a) xA = 70 xB = 73 xC = 61

x = 68
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ANALYSIS OF VARIANCE

SOURCE DF SS MS F p

FACTOR 2 312.0 156.0 9.00 0.007

ERROR 9 156.0 17.3

TOTAL 11 468.0

(b) � = 0:05

F0:05(2; 9) = 4:2565 < F = 9

È reject H0 : �A = �B = �C

( É Ê Ë Ì Í Î Ï )

2. (a) ANOVA Ð
SS d.f MS F

Ñ Ò Ó Ô (SSB) 274.745 2 137.373 0.719

Õ Ö Ö × (SSE) 8984 47 191.149

Ø Ù 9258.745 49

SSB =
8X

j=1

nj(xj � x)2

= 25(7:8 � 9:61)2 + 15(9:7 � 9:61)2 + 10(14 � 9:61)2

= 274:745

x =
25 � 7:8 + 15 � 9:7 + 10 � 14

50
= 9:61

SSE =
X
i

X
j

(xij � xj)
2 = 1835 + 2442 + 4707 = 8984

(b) F0:05(2; 47) := 3:2 > F = 0:719

È accept H0 (i.e. Ú Û Ü Ý Þ ß à á â ã ä å )

3. SST = 10800

SEE = 4560

� � � 	 
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(a) ANOVA Ð
æ ç è é SS d.f MS F

SSB 6240 2 3120 18.47

SSE 4560 27 168.89

Total 10800 29

(b) F0:05(2; 27) = 3:3541 < F = 18:47

È reject H0 (i.e. ê ë ì í î ï Ë ð ñ Ì ò â ã ó ô )

4. õ
æ ç è é SS d.f MS F

ö ÷ ø ù (SSB) 36 5 7.2 3.214

Õ Ö Ö × (SSE) (56) (25) 2.24

Ø Ù 92 30

5. x =
50 + 12 + 63

25
= 5

SSB =
X

nj(xj � x)2 = 10(5 � 5)2 + 6(2 � 5)2 + 9(7 � 5)2

= 90

ANOVA Ð ú û
æ ç è é SS d.f MS F

SST 90 2 45 13.93

SSE 71 22 3.23

Total 161 24

SSE = 30 + 16 + 25 = 71

6. H0 : �A = �B = �C

ANOVA ü
ý þ ÿ � � � � � � � � � F� 	 


� �  � 107.11 2 53.56 F = 0:36

� � � 2208.67 15 147.24

� � � 2315.78 17
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" # F = 0:36 < F0:01(2; 15) = 6:36 + ~ � G t u H0& �

H � � � � p ® � % � £ � w x y % � R �
7. x� = 82:5� x� = 85:8� x� = 80:5� x = 83:1

ANALYSIS OF VARIANCE

SOURCE DF SS MS F p

FACTOR 2 65.65 32.825 0.304 0.805

ERROR 12 1295.3 107.9

TOTAL 14 1388

F0:05(2; 12) = 3:8853 > F = 0:304

È accept H0 : �� = �� = ��

( �  � � ` 3 � w x y � R )

8. (a)
X

(xi1 � x1)
2 = 31 � 17:052 = 9011:8X

(xi2 � x2)
2 = 15 � 15:432 = 3571:27X

(xi3 � x3)
2 = 15 � 14:462 = 3136:37

x =
32 � 81:06 + 16 � 78:56 + 16 � 87:81

64
= 82:12

SSB =
3X

i=1

(xi � x)2 � ni

= 757:43

SSE = 9011:8 + 3571:27 + 3136:37 = 15719:44

ANOVA L G
SS d.f MS F

SSB 757.43 2 378.715 1.47

SSE 15719.44 61 257.70

Total 16476.87 63

� � � 	 
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(b) ê ë ! " î # Ë $ % & ' ( ) ú û m = C3
2 = 3

�1 � �2û (81:05 � 78:56)� t0:05
6
(61)sp

s
1
n1

+
1
n2

= 2:5 � 2:6 �
p

15:99 �
s

1
32

+
1

16

= (�0:7; 5:7)

�1 � �3û (81:05 � 87:81)� t0:05
6
(61) � sp

s
1

32
+

1
16

= (�9:9; �3:6)

�2 � �3û (78:56 � 87:81)� t0:05
6
(61) � sp

s
1

16
+

1
16

= �9:25 � 2:6 �
p

15:99 �
s

1
8

= (�12:93; �5:57)

9. (1) 1225.6* (2) 2986* (3)= k � 1 = 4* (4)= n � k = 45*

(5) 66.36* (6) 4.071

10. (a) m = C4
2 = 6

+ , Ë - . C.I. / 0 ú û

�1 � �2û (X1 �X2)� t0:025(76) �
p
MSE �

s
1
n1

+
1
n2

= 2:1 � 2 � 3:2 �
s

1
30

+
1

18

= 2:1 � 2 � 0:954 = (0:192; 4:008)

�1 � �3û 0:5 � 2 � 3:2 � 0:274 = (�1:254; 2:254)

�1 � �4û 4 � 2 � 3:2 � 0:398 = 4 � 2 � 1:274 = (1:452; 6:548)
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�2 � �3û �1:6 � 2 � 0:998 = (�3:596; 0:396)

�2 � �4û 1:9 � 2 � 1:360 = (�0:82; 4:62)

�3 � �4û 3:5 � 2 � 1:306 = (0:888; 6:112)

(b) t 0:05
12
(76) := 2:6

$ % C.I. ú û
�1 � �2û 2:1 � 2:6 � 0:954 = (�0:380; 4:580)

�1 � �3û 0:5 � 2:6 � 3:2 � 0:274 = (�1:780; 2:780)

�1 � �4û 4 � 2:6 � 1:274 = (0:688; 7:312)

�2 � �3û �1:6 � 2:6 � 0:998 = (�4:195; 0:995)

�2 � �4û 1:9 � 2:6 � 1:360 = (�1:636; 5:436)

�3 � �4û 3:5 � 2:6 � 1:306 = (0:104; 6:896)

11. (a) x(1) = 38 4s2
(1) = 7250 � 5 � 382 = 30

x(2) = 45 4s2
(2) = 10175 � 5 � 452 = 50

x(3) = 40 4s2
(3) = 8014 � 5 � 402 = 14

x = 41 19s2 = 25439 � 15 � 412 = 224

ANALYSIS OF VARIANCE

SOURCE DF SS MS F D

FACTOR 2 130.00 65.00 8.30 0.005

ERROR 12 94.00 7.83

TOTAL 14 224.00

(b) F0:05(2; 12) = 3:8853 < F = 8:3

È reject H0 : �(1) = �(2) = �(3)

1 2 3 4 5 6 7 8 9 Í 1 2

(c) �1 Ë 95% & ' ( ) ú û

� � � 	 
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x1� t0:025(4) �
p
MSE

n1
= 38�2:076 �

s
7:83
52 = (36:838; 39:162)

(d) �2 � �3 Ë 95% - . & ' ( ) ú û

(X2 �X3)� t0:025(12) �
p
MSE �

s
1
n2

+
1
n3

= 5 � 2:179 � 2:798 �
s

1
5
+

1
5
= (1:144; 8:856)

(e) �2 � �3 Ë 95% $ % & ' ( ) ú û

5 � t 0:05
6
(12)

p
MSE

s
1
n2

+
1
n3

= 5 � 2:9 � 2:798 �
s

2
5

= (�0:132; 10:132)

12. (a) õ8>>>>>>>>><
>>>>>>>>>:

x1 = 67
3X

j=1

(x1j � x1)
2 = 78

x2 = 71
X

(x2j � x2)
2 = 74

x3 = 71
X

(x3j � x3)
2 = 86

x4 = 73
X

(x4j � x4)
2 = 988>>>>>>><

>>>>>>>:

xA = 70
X

(xi1 � xA)
2 = 42

xB = 63
X

(xi2 � xB)
2 = 52

xC = 61
X

(xi3 � xC)
2 = 62

x = 68
XX

(xij � x)2 = 468
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ANALYSIS OF VARIANCE

SOURCF DF SS MS F

: ; 2 312.00 156.00 39

< = 3 132.00 44.00 11

ERROR 6 24.00 4.00

TOTAL 11 468.00

(b)H0 : ( Ê > )�A = �B = �C

H1
0 : ( ( ? )�1 = �2 = �3 = �4

F0:05(2; 6) = 5:1433 < F = 39 È reject H0

F0:05(3; 6) = 4:7571 < F = 11 È reject H1
0

È Ê > @ ( ? Ë ä å ò â ã ó ô
13. (a) H0 : �2

1 = �2
2

f =
s2

1

s2
2
=

(8:2)2

(7:5)2 = 1:195 < F0:025(7; 11) = 3:76

ß A 1 B C H0* D E F Ì Í Ë G ô H I ò â ã ó ô J

(b)H0 : �1 = �2

t =
26:3 � 19:7

7:78

r
1
8
+

1
12

= 1:86;

S2
P
=

7 � (8:2)2 + 11 � (7:5)2

8 + 12 � 2
= 60:52

K L jtj = 1:86 < t0:025(18) = 2:101

ß A 1 B C H0* D E F Ì Í Ë ð ñ H I ò â ã ó ô J

(c) H0 : �1 = �2

ANOVA Ð M N û

� � � 	 
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æ ç è é O P Q R S T U P F� V W

ö ÷ ø ù 209.09 1Ö 209.09 3.45

Õ × 1089.43 18Ö 60.52

Ø Ù 1298.52 19Ö

K L f = 3:45 < f0:05(1; 18) = 4:41

ß A 1 B C H0* X Y @ (b) Z 2 J

14. õ
æ ç è é SS d.f. MS F

[ \ ] 66 (5) (13.2) (6)

[ ø ^ ] 36 (2) (18) (8.18)

Õ × (22) (10) (2.2)

Ø Ù 124 17

15. (a) _ ` û
xA = 19

X
(x1j � xA)

2 = 14

xB = 15
X

(x2j � xA)
2 = 26

xC = 26
X

(x3j � xA)
2 = 38

a ë û
xA = 20

X
(xx1 � xA)

2 = 26

xB = 23
X

(xx2 � xB)
2 = 98

xC = 17
X

(xx3 � xC)
2 = 86

x = 20 SST = 264

ANALYSIS OF VARIANCE

SOURCE DF SS MS F

b c 2 54.00 27.00 4.5

d e 2 186.00 93.00 15.5

ERROR 4 24.00 6.00

TOTAL 8 264.00
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(b)M = C3
2 = 3

t 0:05
6
(4) := 3:8

a ë ) ó ô Ë 95% $ % ( ) ú û

�A � �Bû (20 � 23)� t 0:05
6
(4) �

p
MSE �

s
1
nA

+
1
nB

= �3 � 3:8 �
p

6 �
s

2
3
= �3 � 7:619

= (�10:619; 4:619)

�A � �Cû 3 � 3:8
p

6 �
s

2
3
= (�4:619; 10:619)

�B � �Cû 6 � 7:619 = (�1:619; 13:619)

(c) F0:05(2; 4) = 6:9443 < F = 15:5

È reject H0

D _ ` Þ f g Ì Í Ë ä å ò â ã 1 2

16. h i j à û
k l û xm n = 149� xo p = 172� xq r = 126� xs t = 107

u v w � x1 = 145 x2 = 129 x3 = 136 x4 = 111 x5 = 157

x6 = 129 x7 = 147 x8 = 154

x = 138:5

SSA =
8X

j=1

nj
�
xj � x

�2

= 8
h
(149 � 138:5)2 + (172 � 138:5)2 + (126 � 138:5)2

+(107 � 138:5)2
i
= 19048

� � � 	 
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SSB ( u v w ) =
4X

i=1

ni
�
xi � x

�2

= 4
h
(145 � 138:5)2 + (129 � 138:5)2 + � � �+ (154 � 138:5)2

i
= 6560

SST = (164 � 138:5)2 + (140 � 138:5)2 + � � �+ (109 � 138:5)2

= 27458

æ ç è é O P Q R S T U P

A x y ( z { ) 19048 3 6349.3

B x y ( | } ~ ) 6560 7 937.1

Õ × 1850 21 88.1

Ø Ù 27458 31

(a) F :
937:1
88:1

= 10:64 > F7;21;0:05 = 2:49* � � B C H0* D Ð
� + 8 9 � Ë 8 9 Í ò ó ô J

(b) F :
6349:3
88:1

= 72:07 > F3;21;0:05 = 3:07* � � B C H0* D Ð
� + k l � � Ë 8 9 Í ò ó ô J

(c) �A1 � �A2 Ë & ' ( ) û

149 � 172 �
q

3 � F3;21;0:05

s
88:1

�
2
8

�
= �23 � 14:24

= (�37:24;�8:76)

�A1 � �A3 Ë & ' ( ) û 149 � 126 � 14:24 = (8:76; 37:24)

�A1 � �A4 Ë & ' ( ) û 149 � 107 � 14:24 = (27:76; 56:24)

�A2 � �A3 Ë & ' ( ) û 172 � 126 � 14:24 = (31:76; 60:24)

�A2 � �A4 Ë & ' ( ) û 172 � 107 � 14:24 = (50:76; 79:24)

�A3 � �A4 Ë & ' ( ) û 126 � 107 � 14:24 = (4:76; 33:24)
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� � � ( ) � 1 � � 0*

È j � � û + � � ) Ë ð ñ 8 9 Í � ò ß ó ô J

17. � � û
xA = 29:2

X
(x1j � xA)

2 = 86:8

xB = 29:4
X

(x2j � xB)
2 = 153:2

xC = 28:0
X

(x3j � xC)
2 = 86

xD = 32:6
X

(x4j � xD)
2 = 85:2

� � û
x� = 30:25

X
(xi1 � x� )

2 = 140:75

x� = 31:5
X

(xi1 � x� )
2 = 91

x� = 33
X

(xi1 � x� )
2 = 14

x� = 25:5
X

(xi1 � x� )
2 = 29

x� = 28:75
X

(xi1 � x� )
2 = 62:75 x = 29:8 SST = 469:2

H0 : �A = �B = �C = �D

H1
0 : �� = �� = �� = �� = ��

ANALYSIS OF VARIANCE

SOURCE DF SS MS F

� � 4 131.7 32.9 1.412

� � 3 58.0 19.3 0.828

ERROR 12 279.5 23.3

TOTAL 19 469.2

F0:05(4; 12) = 3:2592 > F = 1:412 È accept H0

F0:05(3; 12) = 3:4903 > F = 0:828 È accept H1
0

D � � î # � � � � � Ë 8 9 Í á â ã ó ô

� � � 	 
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18. � �

x1 = 64:75
4X

j=1

(x1j � x1)
2 = 16923 � 4 � 64:752 = 152:75

x2 = 88:5
X

(x2j � x2)
2 = 31402 � 4 � 88:52 = 73

x3 = 68:75
X

(x3j � x3)
2 = 19195 � 4 � 68:752 = 288:75

x4 = 67:75
X

(x4j � x4)
2 = 18639 � 4 � 67:752 = 278:75

x5 = 80:5
X

(x5j � x5)
2 = 26282 � 4 � 80:52 = 361

� � û

x1 = 74
5X

j=1

(xj1 � x1)
2 = 806

x2 = 74:6
X

(xj2 � x2)
2 = 773:2

x3 = 75:8
X

(xj3 � x3)
2 = 404:8

x4 = 71:8
X

(xj4 � x4)
2 = 746:8

x = 74:05
XX

(xij � x)2 = 2772:9

SOURCE DF SS MS F

� � 3 42.15 14.1 0.152

�   4 1618.7 404.7 4.366

ERROR 12 1112.1 92.7

TOTAL 19 2772.9

(a) H0 : �¡ = �¢ = �£ = �¤

F0:05(3; 12) = 3:4903 > F = 0:152 accept H0

¥ ¦ � § £ ) *
(b)H1

0 : �1 = �2 = �3 = �4 = �5

F0:05(4; 12) = 3:2592 < 4:366 = F reject H1
0

¥ ¨ � 8 © N ) d
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19. ANOVA L ª « �

æ ç è é O P Q R S T U P F� V W

¬ : ø ù 1157 3Ö 385.667 F1 = 6:17

 ® b c 350 2Ö 175.0 F2 = 2:80

¯ ° ± ² 771 6Ö 128.5 F3 = 2:05

Õ × 1501 24Ö 62.542

Ø Ù 3779 35Ö

X ³ ú û á â ã Ë ´ µ ¶ · * É Ê î # ò â ã Ë ä å * ¸

¹ a ë á â ã Ë ä å J

20. H0û ! " î # ( º ¶ » ¼ ) á ó ô
H 0

0û ( ½ ( º ¶ ¾ ` ) á ó ô
H 00

0 û á ´ µ ¶ ·

ANOVA ü
ý þ ÿ � � � � � � � � � F� 	 


� � 140.33 2 70.17 F1 = 2:14

¿ À 2791.00 2 1395.50 F2 = 42:65

Á Â Ã Ä 70.67 4 17.67 F3 = 0:54

� � 294.50 9 32.72

� � 3296.50 17

Å L Æ F0:025(2; 9) = 5:71 F0:025(4; 9) = 4:72

I �  ~ � G 9 : H 0

0 ( Ç · È É 6 x y � R ) t u H0 ( Ç

· Ê ² w x y R ) Ë t u H 00

0 ( w ¶ l · � )�
21. H0� Ì Í � £ ' È Î w x y ¶ l · �

H 0

0� Ì Í � £ Ï Ç · Ð Ñ Ò w x y � R
H 00

0 � È Î Ï Ç · Ð Ñ Ò w x � � R
a = 2; b = 2; n = 5

� � � 	 
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ANOVA L ª « �

æ ç è é O P Q R S T U P F� V W

Ñ Ò Ó Ô 22.05 1Ö 22.05 F1 = 12:6

Ó Ô 11.25 1Ö 11.25 F2 = 6:43

¯ ° ± ² 0.45 1Ö 0.45 F3 = 0:26

Õ × 28.0 16Ö 1.75

Ø Ù 61.75 19Ö

Õ Ð F0:05(1; 16) = 4:49* ß A

(1) Ú Û Ü Ý @ ¾ 0 á â ã ´ µ ¶ · J

(2) Ú Û Ú Ý Þ º ¶ Ö × Ø ò â ã ó ô J

(3) ¾ 0 Þ º ¶ Ö × Ø ò â ã ó ô J

22. õ
æ ç è é O P Q R S T U P F� V W

A 36 3 12 F1 = 6

B 40 2 20 F2 = 10

AB 18 6 3 F3 = 1:5

Õ × 24 12 2

Ø Ù 118 23
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